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I. INTRODUCTION AND SUMMARY

Current targeting manualg such as the Staff Officer's
Field Manual, Nuclear Weapons Employmen. Doctrine and Pioce-
dures, FM-101-31-1 (Ref. 1), do not include a means of analyz-
ing the engagement of targetia that move. This {8 rellected
by the fact that no parameters which represent motion (for
instance, speed or dwell time) are used in the manual's metho-
dology. By implication, all targets are fixed targets,

data required for a realistic analysis of a mobile tiarget
engagement. For this report a mobile target is defined both
as a target that moves nearly continuouvsly (such as a tank
company) and as one that moves only occasionally (such as an
artillery battery or command post). Specifically, this man-
uval provides a means of estimating the probability that a
target is still present at an observed location as a function
of time from the observation where the time the target stopped
is unknown. With this methodology targets can then be eval-
uated not only on the basis of expected fractional coverage
as in the manuals, but also on thc basis of whether there is
an adequate likelihood that they will still be present when

a weapon arrives,

Results are summarized in Figure 1. This chart shows the
probability of a target being present at an observed location
a8 a function of the expected target dwell time (T) and the
acjuisition/engagement time (t). Its use is best illustrated
by an example., Let us assume an expected target dwell time
(r) of 12 hours and that the time (t) necessary to acquire and
process the target information, to communicate it to required
elements, to make decisions, to plan and prepare weapon use,

1, Staff Officer's Field Manual, Nuclear Weapons Employment
Doctrine and Procedures, Department of the Army, FM-101-
ﬁ-l ’ March l_mo
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and to employ the weapon is 6 hours. The ratio of t to r {sa
therefore 0.5. The resultant expected probability is about
0.53. Thua, there is slightly better than a 50/%0 chance of
the target atill being prerent when the weapon actually arrives
for the uxample,

Figqure 1 is based upon a particular assumption concerning
the dwell time statistics,* but it is a representative curve
with general applicability. The remainder of this report
Jescribes the methodology in detajil and presents results for
other cases {n greater detail.

Specifically, the sections of this report present a brief
description of the methodology (with a detailed developmant of
the equations in an appendix); tabular data for target analysis
of specific cases; an expanded generalized curve; and sample
cases, Appendix A presents the derivation of the equations
while App...dix B details a TI-59 calculator code for calcu-
lating target presence probabilities,

*The standard deviation of the expected dwell time is assumed
to be one-~half of ithe expected dwell time. Section IV of this
report presents generalized data that permit evaluation of
other values fcr standard deviation of the dwell time.

7
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IT. MFTHODOLOGY

In this section the hasic methodology for the evaluation
of mobile targets is deccribed. Appendix A presents a detailed
development of the equations. The problem addressed by the
methodo logy is:

What is the prcbability of a tarqget being at an observed

location at some time (At) later? Factors to be considered

include how long the tarqget can be expected to stay fixed,
when did it stop relative to the observation, and how much
time is required to respond (i.e., to place a weapon on

the target).

The methodonlogy begirs with the assumption that any target
can be modeled as having a characteristic average dwell time
(r) at a given location. The value of r is, of course,
strongly dependent upon the particular scenario and situation
but, in any case, the vzalue can be estimated. The dwell time
has some expected ceviation {¢g) about r; i.,e., not all targets
of the given type in that situstion would move precisely at
time .

A reasonable assumption is that the actual distribution
of dwell times for a given target type and situation will he
Gaussian, i.e., the bell-shaped curve as shown in Figqure 2,*
The curve is symmetrical about the mean dwell time 7 with the
deqree of spread of the curve determined by the standard devi-
ation o. The physical meaning of the curve is that the most
probable move time is T; however, some units move earlier and
sc.e move later. If the spread (¢) is large, then fewer units
move at T and more move earlier and later than 7.

*It does not appear that the actual mathematical form of the
dwell time distribution is a critical assumption. The results

are most sensitive to the parameter r regardless of the distri-
bution model.
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Selection of a dwell time model (7 and ¢) permits calcu-
lation of the probatiiity of a target being present as a func-
tion of time. The f:chability that a target moves before a
given time is equal to the area under the dwell time distri-

bution curve up to that time. This probably is expressed
mathematically as

t
PM = ‘/o. f(t)dt

where f(t) = Gaussian distribution function.

The probability of a target being present (Pp) at a given
time is one minus the probability that it has movad before
that tire:

These manipulations result irn a curve as illustrated in Figure 3.

Not knowing at what time the detecticn occurred relative
to the time the target actually stopﬁéd complicates the problem.
The mathematics of this complication are addressed in detail in
Appendix A. The final result, i.e.. the probability that the
target will still be present at its origiral position at a
time t after it was detected, is

o 2

2
o\/—-e - (eT) T/200 L (ee ll - erf {(t-r)]}
m ov2 ]

2., 2
o\/2 e T /20 , ¢ [1 + erf ( L )]
T oy

This equaticn, when normalized to present the probability in

terms of the ratio t/r and with the assumption that ¢ = 7/2,

results ‘. the curve presented in Figure 1. Note the differ-
ence between Figures 1 (stop time not known) and Figure 3

P (t) =

10
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(stop time known). For t = 7, the former gives a probability
of the target still being present of less than 20 percent
while the latter, as expected, ylelds a probabllity of 50
percent., Alternatively, for a desired probability (e.g., 50
percent) t must be about 50 percent of T with the stop time
unknown or about equal to 7 with the stop time known.

The remainder of this report will treat only the case
where the stop time is unkncwn. This is probably the most
realistic assumption when the demands cn the target acquisi-
tion system in wartime are considered, especially with limited
resources and degraded capabilities due to enemy actions.

In summary, the aforementioned methodoloygy provides a
means of estimating the probability of target presence as a
function of time. The presence probability alone could be
used as a criterion for selecting targets or it could be
rombined with the expected fractional coverage for a given
weapon calculated from the field manuals as follows:

F' = F x P(t)

where F' = revised expected coverage
F

expected coverage using weapon W assuming
static target (FM-101-31 or AP 550)

P(t) probability target at observed location.

Figure 4 shows an example result using this approach.
The target is assumed to remain in one place an average time
(T) of 4 hours with ¢ = 1 hour., The static fraction coverages
are 0.29 and 0.83 for 600 m and 200-m target location errors,
respectively. The figure illustrates that if the desired
expected coverage is 0.30, then it is unachievable with a tar-
get location error of 600 m. If the target were acquired with
a system providing 200-m accuracy, then up to 2.6 hours can
elapse between the observation and the attack execution while
maintaining an expected coverage of 0.30. Note that in any

12
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individual case, a target will receive either 0.83 coverage or
zero. Over a large number of targets the coverage to the
targets considered together will he 0.30.
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III. TABULAR DATA FOR TARGET ANALYSIS

B emesi e

Data are presented in this section for the estimation of
target presence probabilitiesz for selected values of the dwell
time () and standard deviation of the dwell time (o) as noted
in Table 1. Results for these cases are presented in Tables 2
through 23. All results assuiwe the time the target stopped is
unknown. See Section IV {f other values of o are desired.

TABLE 1. SPECIFIC VALUES OF 7 AND o FOR WHICH
TABLES GENERATED

Average dwell Standard deviation, g (h) |
Case time, T (h) Set A (0 = v/3)[Set B (o =
1 0.1 0.033 0.1
2 0.2 0.067 0.2 j
3 0.5 0.167 0.5
4 1 0.333 1
5 2 0.667 2
6 4 1.333 4
7 6 2 6
8 12 4 12
9 24 8 24
10 48 12 48
11 96 32 96

15




TABLE 2., PROBABILITY OF TARGET PRESENCE, CASE 1A

AVERHGE RESIDENCE TIMECHOURSH a 1 ‘
DEVIATION OF AVERAGE RESIDENCE TIME- HOURS'= Q3333 !
[
TIME HOURS :+ TIME(MIN> PROB TARGET PRESENT
0. 000 8.0 1.000 ‘
. 80S . 9,930
.019 .8 2. 900 ,
.01S .9 @.8%0
L0209 1.2 U.801
.02 1.5 0. 751
. 030 1.8 9.702
. 038 2.1 0,653
. 040 2.4 Q.60%
L04S 2.7 0.557
. 050 3.0 2.%10
. 055 3.3 9, 4€4
. Q60 2.6 Q. 419
.08 3.9 Q. 37S
Q70 4,2 9.333
.07S 4.5 9.294
L 0%0 4.8 0,258
L .1 9.221
. 099 S, 4 0.13%
. Q9% 5.7 0.1%%
. 100 .0 0.123
. 18% 6.3 9.109
.110 6.6 2.08%
115 .9 9.9
. 120 7.2 2.05¢
L1325 .S @.044
. 130 T.8 0.033

16
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TABLE 3. PROBABILITY OF TARGET PRESENCE, CASE 1B
AVEFRUE FESIDENCE TIME MOURS a
i DEVIATIGH OF AVERAGE RESIDENCE TIME HuUR: & |

TIME. MIN: FPOR THFGET PRESENT

0.0 1.000
3 0, 91
8 Q, 903
R 0, 38

lea Q. 849

1.5 O, 811%

1.8 0.7

ael O, P43

N | 0,710

N 9,678

3.0 VLoodde

3.3 9,612

3.8 9,.%582

3.9 C N

4.4 O, 823

4.9 O, 43S

4.8 O, 468

S.1 Q.44

S. 4 Q. 418

S.7 Q.3

€.0 O, e

] Q. 34e

e. & 0,324

.9 O, 307

T2 [LIRISE-J

*.S (AP X )

TR O, 24

.1 Q.29

S.9 Y.aty

8,7 Q, 19v

.0 0,182

.3 O 1e

q.8 0. 1%

.9 0,143

19,2 o, 132

19,5 0. 121

19.8 . 111

11.1 0. 100

11,4 0,083

11.7 0, 08%

12,9 Q.arT

12.3 Q. Q70

12.98 DO T

12,9 0.0%7

13,2 0. 852

13.% Q.47

13,8 0. 40

14,1 Q. 938

14,4 2,024

14,7 0,230
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TABLE 4. PROBABILITY OF TARGET PRESENCE, CASE 2A

AVERAGE RESIDENCE TINE-HOURS) a 2
DEVIATION OF AVEPAGE RESIDENCE TIME'HQURS)= ,0E&ST

TIME (HOURSH
0.900
.ol1e
020
+u30
. B‘e
. 030
. e‘a
L] o?e
* aao
Q92
<100
. l lo
120
139
149
.19
. 160
170
. 189
2199
. 200
210
220
230
240
. 259
260

TIMECMIND
0.0

1.2

3.6

« ® ® » & 6 » = e o ® e ° o
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0 e DODNADLLLLIOLONWTDE:ON

G b P Pt P G s e P e
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PROE TRRGET PRESENT
1.000
9,950
8.%00
0.83%0
9,801

« T3l
a.ves
9.653
9.603
0.3357
o.310
9.484
Q. 419
2.37S
Q.332
€. 294
0.2%6
0.221
0.139%
@.1959
9.123
3,109
@.089
@.071
0. 036
0. 044
@.033
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TABLE 5. PROBABILITY OF TARGET PRESENCE, CASE 2B

AVERRGE PESIDENCE TiME:HOURS b
SOVIATION CF AVERRGE PRiIDENCE TIWE: HOURS =

L F 8 A

TEMG  AOURS s TIHEMIN: FPROR TARGET PREIENY

0. 90 a.0 1.000
010 .6 9.9¢1
920 1.3 0.903
030 1.8 0. 806
040 2.4 0. 849 .
089 ) 0.812
N 3e o
079 4.2 9. 743
030 4.8 9.710
. 930 5.4 9.876
(190 .9 2. €44
e é.¢ 0.813
(120 ) 0.%2
(130 .8 0.3%2
L1480 8.4 9.8}
130 2.0 3.498
. 160 *.8 0. 458
19 19.2 0. 442
180 10.8 0. 416
199 1.4 9.332
Y 12,9 o.3¢8
.19 1e. € 3. 348
V220 13,2 2. 334
230 13,2 .30}
N T 14. 4 9,283
. 3%0 150 2,264
L ida 13.¢€ . 246
LETO 16,2 9. 229
. 280 18,8 9.213
L 290 17,4 2.197
. 300 18.9 9.183
T 18.6 0.169
. 320 19,2 9.156¢
.33@ 19,3 9.143
. 340 29,4 9.132
. 389 31.9 0. 121
. 360 1.6 0.111
379 f2.3 8.102
. 300 2.8 9.093
. 390 23,4 0.08%
400 ie.0 0.077
419 24.6 9.970
(420 2%.2 @.053
430 3.8 8.e87
440 26. 4 .052
450 iv.e 9.047
. 469 av.s 9.9042
470 8.2 9.038
. 430 20.8 9.034
490 29.4 9.030

19
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TABLE 6. PROBABILITY OF TARGET PRESENCE, CASE 3A

AVERAGE PESIDENCE TINE HOUPRS = .3
DEVIATION OF AVERAGE RESIDENCE TIME HOURS ‘e | Je8sT

L2

TINE MOURS: TIMECMIN® PROB TARGE! PRESENT

Q. 900 9.0 1.000
928 1.9 3. 9%
.0%9 3.0 9. 900 3
TS 4.5 0.3%0 1
. 100 .0 0. 891
L1328 TS .S
. 1%0 9.0 0. 702
TS 10,8 0.¢33
. 209 12,0 0. 608
L 22% 13.8 9.9%>
. 2%0 i%.9 @.%10
a7 16.3 0. 464
. 390 18.0 0. 419
L 328 19,8 9. 378 1
. 3%0 1.9 0. 33 4
RS 22.% 0,294 :
. 420 24.9 0. 2%
L 428 2%, 9.221
L4359 2T 9.189
LA7S J8.8 e, 159
. 300 30.9 9.133
828 .8 9.199
. 9% 33.9 0. 9089
.80% 34,8 9.971
680 3.0 9.90%¢
. 623 37.8 0. Q44
. 650 39.8 0.933
20
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TABLE 7. PROBADILITY OF TARGET PRESENCE, CASE 3B

AVERRGE RESIDENCE TINE: HOURS *
DEVIATION OF AVERAGE FESIDENCE TIOE. mOUKS =

TIME: HOURS

TINE NIN,

0.0680 0.
08 2.
0% 3.
N ) b
. 100 <.
. - ¥,
. 1%9 Y.
N - 1.
. 200 TN
] 14,
) N
i 1T,
. 309 i,
TN NN
. 130 -1
308 NN
. 400 ad,
LAD N
A4S0 -t
R - oW,
.o 3,
. 2.0 -‘:.
. 2% 3R,
e 3%,
Y ) Te,
838 3%,
ST 9,
o7 41,
) 42,
) 4,
a?SG ‘50
S L TN
« 399 43,
328 W,
.33 St
b S
.0 S
.S 8.
AT ] - P
k) 9,

1,000 e,

1.02% [ NN

1.0% e,

1.073 (-

1.100 %%,

1.12% c3,

1.1%0 a9,

VLITS Tl

1.2%0 Ta.

| Te,

21
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.o dd
[\ B
LU 19
O, 5%
[\ T
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V.68
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Oodle
O, 3Ry
(U] -3
O, 347
(NN )
0, IO
LU 3
(NN )
O, ode
[\ PR
[\JE B
Q187
GRS
O, 1ew
SRy
[\ I Ik
(U
(U P |
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[ X
O, 08
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TABLE 8. PROBABILITY OF TARGET PRESENCE, CASE {A

T ————

AVERRGE RESIDENCE TINE:HOURS:
DEVIATION OF AVERAGE PESIDENCE TIME MOURS e [ :135%

TIME  HQURS)
e.900
11
+ 100
. ‘50
. 200
259
. 308
1)
400
. ‘se
« 309
. sse
‘6.0
L6380
700
1]
-1 1]
. 339
« 900
+ 950
'. 000
1,092
1.199
1.199
1.200
1.299
1.300

TIRENIN,
9.
3.
6.
L IS
1.
18,
18,
N IS
24,

:?.

30.
33,
38,
X9,
o,
45,
48,
S1.
S4.
s?.
€9,
3.
LI
693,
?2.
?s'
b -8

PROR TRFGET FRESENT

22

1.000
@,.9%0
0. %00
0.33%0
o.8M
o. ™3
8,70e
0.633
9.609
e,33%?
&.3%10
Q. 484
Q.419
Q. 378
0,353
e\ :9‘
0. 256
9.221
0.189
0.139
0.1332
Q.199
¢.989
. 071
9.9%¢
B' B“
9.0833

e b R ek

et e




TABLE 9. PROBABILITY OF TARGET PRESENCE, CASE 4B

AVERAGE RESIDENCE TINE: HOURS = |
DEVIATION OF AVEXAGE PE:IDEHCE TIME HQuUEFi.e |

TINE WIURS: TIME-MIH FROB TANMGET FREIENT

0. 900 °. 1,000
. 030 3. 0. %61
. 100 .. 9.3
L1309 ., 0. 886
. 200 12, 0. 849
. 290 1S, 0.812
.30. .‘l ol“" .
. 3%9 2. 0.743
. 409 . I
, . 480 av. C.876
; . 300 20, 0. c4d
f . 580 N IR
{ . 60Q T Q. %82
; €% 9, 0.982
. 700 4. 0.523
. T80 s, 0. 49% ;
f . 800 .8, 0. 468 q
; . 350 s1. TR
[ . 900 €4, Q.418 *
; . 9%9 s:. 0,392
5 1.009 Q. 0. 363
1.0%0 €2, . 346
1. 100 re. O, 309
1. 1% & Q. 303
1,290 e, AR
1.2%9 s, 0. 264
| R T tR, 0. 24 .
1. 3%0 a1, Qi@ ;
1,400 a. IR
1.4%0 ar. 0.197
L 1.500 a0, 0. 183
; 1.9% 23, WL 1ED
1.490 9, Q. 15€
1.8%0 %9, TE
| i. 700 oo, EER
| 1,750 108, 0.1l
1.2800 109, 9.111
' 1.359 11, 0. 122
1. 990 114, Q.093
e 1.9%0 e, 0. 08%
' 2.900 109, Q077
: 2.08%0 123, 0.078 :
2.190 136, 0,063 e
2.1% 129. Q.87
2.200 132, LR
2.2%0 138, 9.047
2. 200 138, 0. 042
2.3%9 141, 0. 038
I <. 420 144, Q.04
; 2,450 147, Q. 0239
23
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TABLE 10. PROBABILITY OF TARGET PRESENCE, CASE 5A
AVERAGE RESIDENCE TIMECHOURS) x 2
LEVIRTION OF AVERAGE RESTDENCE TIMEC(HOURS)= ,E86687

TIMECHOURS »

a. 009

. 100

<288

« 3RO
cdee
508
. 60a
. 708
. 308
. 700
1. 080
1.188
1.z200
1.308
1.400
1.508
i.660
1.7vea
1.300
1.908
2.000
2.1e9
2.200
2.300
2.400
2.580
s. 600

TIMECMING
0'
6.
12,
18,
24,
39,
36,
42.
48.
S4.
6a.
66'
va.
v8.
84.
90.
9€.
102,
198,
114,
1z8.
126,
132,
138,
144,
150.
158,

24

FROE TRRGET PRESENT
1.000
a.9%e
Q.00
0.3%e
8.8801

. 751
8.7ez2
0. 653
Q.685
8.3557
8.310
9.464
0.419
@.375
Q.333
. 294
a. 256
@8.221
6.189
8. 1579
8,133
@.109%
6.089
0.071
@.856
@, 044
8.033

y
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TABLE 11l. PROBABILITY OF TARGET PRESENCE, CASE 5B

T Ty YR e e RO e .
S

HRYERRGE FRESTLENCE TIMECHGUR:S) = &
DEVIATICHN OF AVERASE RESIDENCE TIME: HOURS = 3
TIML T HOURS . TIMECMIN: PFCE TRAFGET RREIENT
. uan Q. 1.200
.1aQ ' Q, 981
200 12. Q,923
. 300 18. o, 83¢€
. 400 24, Q.54
. 50Q 30. Q,913
.E00 . Q.77s ’
.Toe 4o, @, 743
. 280 ag, B, T1@
L 90a sd, v ETE
1.000 60, 0,544
1.100 6. 0.613
1,200 2. 0,582
1.308 RN Q.55:
1.422 a4, d.522
1.500 30, Q.395
1,600 . ¢ 468
1,708 ez, .42
1,330 133, B.316
1,999 114, o, 19s
&, 000 1ra. Q, 388
2,100 16, 0. 348
2,208 132, Q. 324
20300 138, 9, 304
2,400 144, 9, 283
2.50@ 158, Q. 2ed
I, 80 15¢. Q. 248
2. 708 162, @, 229
.90y 168, G, 212
2,908 174, 0. 197
2,000 1ea, 0,13
3. 108 1&6. w19
3.200 1az, 9. 158
3,300 1o, B, 1473
3. 400 204, Q. 132 ‘
3, 500 210, g.121
3.600 I, a1
3.700 : @. 102
3,200 @.99%
3900 0, 0es
4,000 a.avv .
4.1080 246, 8.a7e ;
4,260 282, 0.953 (
4. 200 %8, 0,087 i
4, 498 JEd, a.a52 L
4,509 zTe. @.Q47 |
4,800 278, Q. 042 .
4,700 282, Q. 038 ‘
4. 200 88, Q. 034 '
4,200 294, 0.030

25 i‘

BRI e
~ e e -



mmmqlr!
|
el

PP

TABLE 12, PROBABILITY OF TARGET PRESENCE, CASE 6A

AVERAGE RESIDENCE TIME:HOUURS = 4

DEVIATION OF AVERAGE RESIDENCE TIMECHOURS)= 1,333 :

{

TIMECHOURSY TIME(MINY PROE TARGET PRESENT P

&. 000 2. 1.000 i

.20 12. A, 950 :

. 408 24. Q. 908 i
. 500 36. ?.850
. 800 a8, 0.801
1.000 &a. a.751
1.200 72, 9.702
1.400 84. 0.653
1.500 6. 2.605
1.200 193, 9.557
] 2.000 120. 2.510
‘ 2.200 132. B, 464

2. 400 144, @.419 3
i 2.58@ 156, @.375
ﬁ 2.300 168, 9. 333
f 3.000 180, 2,294
: 2.200 192. a.2%6
; 2.4090 294, 9.221
b 3.500 216. B.189
E 2.300 228. 0.159
4 4.000 240. @.133
j 4.200 252, 0.109
1 4.400 264, Q.a89
; 4.500 276. 0.0871
4.800 288, 0.056
5.000 300, 2.044
s 5.200 312, 9.033

4
26
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TABLE 13.

PROBAEILITY OF TARGET PRESENCE, CASE 6B

AVEFHLE RESIDENCE TIME: HOURS)
PEVIRTION QF AVERAGE RESIDENCE TIME(CHOWFS = &

TIME HOUF:

0. 000
. 808
.4oe
.00
. 800

1.900

1.2008

1.400

1.500

1.800

24008

00

43

e

300

aRo

200

e

. 608

.00

vee

200

+Q0

L YtlN)

. 390

. Q00

. 200

« 400

YT

309

Qe

20

<00

.e00

g0

QR

. 200

« 400

. 000

. 300

e

200

400

cAG

. 808

< 0Q0

« 200

. 400

9,500

9.508

2 B 0 AU O O R RS R BV B I OO (s OB OO0 . IRV IE TS, L. I PR S SO A AR I NIVl S8 Tl T )

TIME:"
0.

(IO R I S R PV N O
T & P2 & 00 T 8 P

VIV S I OO
F  BEI I PR S N~/ IR

2

L~ O K- R v I R S T A G PR
e o .

Lol 200 "2 T, VY )

AR ANABRANNA L o b o b b & £ ) O3 g 1D 03 Gy s s

W O do P & G0 0 & 00 D0 D & P

0“4 PR L S

MIN: FPRQBR TRRG

27

AR B Sk AT b

= 4

ET FRESENT
1.000
Q, 961
Q. %23
0. 886
0,849
0.813
Q.778
Q.743
Q.710
Q. 678
0. 644
Q.613
Q.%82
o, 582
0,933
Q. 49%
@, 488
Q. 442
Q. 416
Q, 392
o, 368
Q. 346
@, 324
Q.33
Q, 283
Q, 264
A, 248
&, 229
0,213
0.197
0,183
@.189
@.1%5%
Q.143
0.132
0,121
e.111
0.102
0.993
0,085
Q.077
9.070
D.@83
L Ly
Q,0%:2
0,047
0.042
0.038
0. 03¢
Q.03

e -

L st ek i
i chanecit oIl som miiaan o .




TABLE 14. PROBABILITY OF TARGET PRESENCE, CASE 7A

AVERAGE RESIDENCE TIME(HOURS) =
DEVIHTION OF AVERAGE RESIDENCE TIME(HOURS)=s 2
TIMECHOURS) TIMECMINY PROB TARGET FRESENT
0.900 Q. 1.000 :
. 200 12, 2,967 oo
. 400 24, 9.923
. 600 36. 9. 900 1
. 800 a8, 9.867 ]
1.000 6Q. 0.834 ;
1.200 72, 8.301 :
1.400 84, @.768
1.6908 36, 0.73%
1.800 108, @, 70l
2.000 120. ?.669
2.200 132, @.537
2,400 144, 0.605
2.600 156. 0.573
2.800 168, 0.541
3,000 180. 0,510
3.z00 192, 0.479
3. 400 204, 0. 448
3.600 216, 2.41%
3.800 228, 9.389
4,000 240, 2. 361
4.200 28&. 9. 233
4,420 264, e.307
4,600 2ves. a.231
4,500 288, 2.25%6
5.000 300, 9.233
5.200 312, e.2)0
5.400 324, a.189
%,600 338, 0.169%
5,200 348, Q.15¢
6.000 360, 9.133
6.200 ara. 9.117
6.400 3384, @.102
6.608 396. 0.089
€.800 408, 0.077
v.000 429, 9.0€¢8
7.200 432, 0.0%56
?.400 444, @.048
7.600 456, 0.040
?.800 468, 0.933
28




VIME' HOURS
Q. 000
«aOu
. 400
500
. 800
1.00Q
1.200
1.408
1.c600
1.600
. 0Re

»s
(-3
-

G 00 5
XN
XN N

& Py
o O
[.-X-

€00
. 200
<o
200
409
€00
L 4.800
P 3.000

S B U3 ap b W) o T Bs By P Py
. .

& o
P

v & FJ
- X
[~

sue
QB

N S X NS |
Lo
>
(-4

S g
»
o
[

5. 800

S -

O
o
(-4

o
®
-]

T s A

"
3
?
-
\
?
-
L}
v
&
8. 200
8
3
(3
-
N

TIMEMIN:

¢,

SRS, Sy VI
S -0 OO PR T

« o & & o .

O G & 4 & 3 O
e o -

g O R e s by D O

PFor o P 1 Fo o g 0 0t o 0o
Al By D
. e o o « o » o

[ PN~ O T
.

b b et ) e gt s bt Py [ I
[~ Nl BDN
. e o o o & »

o 10
[N IRV CRC R PO "NV g

LR T N AR (O S
.

&

L JEPUN
444,
456,
468,
430,
432,
Q4.
S1e,
So8.
S40,
b J- T
Sed.

29

AVENAGE RESIDENCE TIME HOURS =
PEVIATION OF AVERAGE RESIDENCE TIMECHQUP: =

PROE TAPGEY FREZENT
1.000
V. 974
0. w4
(LI Pa]
0, 399
Q.87
0. 249
0. 8209
0. 802
Q.77
Q. T%S
Q. T3
(L )
0. e37
Y Y
0. 644
Q.82
N.ed
0. %582
Q.56
0. 542
0. %23
0. S04
Q.48
0.4
Q450
O.3433
Q.41
0. 400
Q.

o W AR ]
It
S b 0 &

LA~ NN~ R
« s s e s s

TR TR N FN N TN Y SRS Y VYRR VIR Y
Wb RSO Dby AT D

LY}
oo

<
s s do AT T2 T

Q
. 192
[
.
O,
0. 1%
O, 147

N |

—

-
&
4o

TABLE 15. PROBABILITY OF TARGET PRESENCE, CASE 7B

oFo o7,




TABLE 16. PROBABILITY OF TARGET PRESENCE,

RVERAGE RESIDENCE TIMELHGURS)
DEVIATION OF AVERAGE RESIDENCE TIMECHOURS = 4

TIMECHOURS)

9.000

. 500
1.000
1.300
2.009
2.500
3.009
3.500
4,000
4,500
5.0009
S5.500
€.000
6.509
T.008
v.599
2.900
8. %500
9.000
9.5e9
10,000
t1e.500
11.000
11.500
12.0¢9
12,529
13,006
13.500
14.000
14,500
15,0900
15.500

TIMECMINY

0.
30‘
€0.
99,
120.
i%0.
180.
210.
240,
279,
300.
330.
3€0.
3%0.
429.
450,
489,
Sie.
S4ee.
STe.
£00.
€30,
660,
690.
720,
?30e.
789,
g8l1e.
849,
g7e.
y00.
930.

30

PROEF TRRGET PRESENT
1.000
8.958
0.917?
0.8?3
@.834
®.793
.75l
e.710
9.669
e.629
2.389
Q.549
®.519
Q.41
Q,433
@.397
9.361
9.327?
0.294
0. 262
9.233
9.20%
0.179
0.18%
@.133
0.113
0.093
0.080
0.066
0.054
0.044
.03

CASE 8aA

= 12

BRI P -




TABLE 17.

e e LA A s A . ot b s ol Lt

LR dnn s aislann 4

TITHE: HOLRS

O, Q00

SeQ
1.o0w
1. %00
AT
<. 500
4. 000
3500
4.000
4,300
S.000
S.500
. 000
&, 500
AT
LS00

2,000
2,500
10,000
10,.%
11.000
11,500
12,000
12,500
13,000
13,50
14,000
14,500
15,000
15.%00
16,000
1e. 500
T.000
17.%00
18,000
13,530
13,000
13,830
29, 000
20, %00
21,000
21,5900
*a.a0n
P 1y 1Y
23,09
23.%00
L L)
24, %500

PRORABILITY OF TARGET PRESENCE, CASE 8B

RAEFHGE RESIDENCE TIME: HOUK:
DEVIATION OF AVEFAGE FE:IDENCE

TINE 1IN

0.
-\'G.
[N\ 1N
RIUN
1209,
150,
120,
- l('.

Lo R o o )
v

I RN LR

-

VRPURFGR LR O Sl IS I F3 P PR

L

L O

[~ X~ Mg
.

&
o
=

1006,
1959,
1acuy,
1110,
1140,
1170,
1200,
12230,
1ieQ,
1220,
1220,
1 3%0Q,
1330,
1410,
1440,
s,

TIMNE HOLFivs

FFOER THPGE T

-y -
+ T

D o ke b ks ) R
1 bo oo O O (R

) do Be be &o o AN RT 0T T,

F D s N g o fr o b (Y,

o ooD

« ¢ o o o
PP
L o= b & O

.
ey B b B Byt

O s b DD
— A e A D ke D s o ) G 0D T By R Ty g R

S I -]
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TABLE 18. PROBABILITY OF TARGET PRESENCE, CASE 9A

AVERAGE RESIDENCE TIME HOURS) = g4
DEVIATION OF AVERAGE RESIDENCE TIME-HOURS) e B

TIMECHOURS) TIMEWMIN> PROBR TARGET PRESENT

8.0 a. 1.002
1.000 €0, 0.938
<.009 12Q, 0.917
2.000 180, 0.87%
4,000 <40, 0.834
3,090 300. 8.792
6.000 36@. 09.73%1
v.o00 o0, e.710
8.000 480, 0.669
9.000 340, 2.829
10,000 6080, 0. 589
11.000 $&0. 0.54%
12.000 Tae. 0.519
13.0080 80, 0.471
14,0209 R40. 0.433
15.000 9. 0.39¢
16.009 960. Q.381
17.200 1920. 0.327
18.000 1e3e. 0.294
15,000 1:40. a.2¢2
20. 069 1200. e.2%33
21.990 12c8@. Q.205
22.000 1320. e.179
23,000 13380. 0.155
24,000 1449, @.132
2%.0089 1800, 9.113
26.009 19¢00, 2.09%
é7. 000 1620, 0.08@
28,060 1680, 0.06¢
29,000 1740, 8. 9954
30. 000 18uv0. Q. 044
31,309 1868, ?.03%
32
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TAFLE 19. PROBABILITY OF TARGET PRESENCE,

AVERAGE RESIDEHLVE TIME: HOURS »
LEVEIATL OF AVERRGE RESIDEN E TIME: HOURL = 24

TIME HOURFY

0. 000
1.0
IR
3.000
<. 00
5. 00
€. 000
TL0M
3. M08
2, 000
10, 000
11,000
12,000
13,00
14,080
19,000
16,000
17,000
10008
12,000
20, 00
«1.000
22,200
23,0
o4 000
15000
2¢ .00
o7 000
NESSI
29, 000
0L 000
3. 000
& . 0
ERM LT
34,000
3%, 40
36, 090
3T .00
38. 000
3%, 000
0. 000
41.009
42,000
43,000
44.000
4%,.000
4¢. 000
47.000
43, 00@
19,000

TIME MLH

0.
€0,
120,
180,
;“el
30,
350,
‘:0!
430,
340,
AL
X
I‘:BI
TEQ,
340,
WO,
2,
1020,
1090,
1140,
o000,
1260
1300,
1389,
1440,
15Q0,
18- 1YL N
1620,
1880,
‘l“a‘
1800,
180,
1920,
1380,
cO4Q,
SO0,
aled,
aasV,
M-\
o340,
SAQD,
L T\
NN U
<380,
o840,
2700,
27¢0,
<BI9,
<380,
o940,

33

CASE 9B

FPUs TARGET PRESENT

1.0
0. %8
0.2
0, s
0. 874
o343
0. 812
0. T84

-]
Q. 726
0,698
0.8
Q.644
0.81%
- 7Y
0. %8¢
0. %4
LRS00 B
0, 499
0. 472
0.4%0

0. 198
O, 18
L |
0. 1&0
Q. 145
0. 139
0,138
O lat
O.113
0. 1%
Q.a9%7
Q. 990
0.982
Q.77
0.0

.t




TABLE 20. PROBABILITY OF TARGET PRESENCE, CASE 10A

RVERAGE RESIDENCE TINE:MOUF:»
DEVIATION OF AVERAGE RESIDENCE TIMECHOURS e 12

TIME: NOURS »
@, 900
£.000
4.000
6.000
8.009
10.000
12.000
14,000
16,009

18,000
<0.800
<. 000
24,000
<6.000
22,008
39.009
32,000
34.000
36.000
38, 800
49,000
42.000
44,000
46,000
48,9000
30,000
32. 000
S$4, 000
56,000

TIME«MIte»

ol
la‘.
<40,
260,
‘B*.
600,
rae.
840,
f60.

1089,
1200,
1320,
1449,
1550,
1680,
1899,
1920.
<049,
k160,
<280,
=490,
2320,
2649,
2760,
28s8e.
3800.
3120,
3240,
3360.

34

® 4B

FFOB TARGET PRESENTY

1.009
Q.93¢
e.91?
0.87%
0.23233
0.792
Q.78
0.709
0. 66?7
0,623
9.584
9.343
0.%92
0,482
0,422
0,382
0. 344
Q. 307
0.271
8.237
0.204
0.124
8.147
w122
0.100
0.080
@.064
0.049
¢.038

- R e A b b S
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TABLE 21. PROBABILITY OF TARGET PRESENCE, CASE 108 j

RCOERAGE FESTLENCE VIME - nQUEs = 4 !
SEVIATIIN OF AVEFRGE FESTDENLE TIHE WOLE: o 48 ‘

TIME mOLR L TINE - lh vROE TARPGET FRESENT

oL U R 1,000
AL AT 1.0, APRTY ]
4, Q0w A TUR O, 938
€, A8Q, Q, s
2,000 430, 0.%T4 N
10, oM w00, 0. 843
1. 000 RN\ QL8123
14,000 S40. 0. T84 ;
16,00 W, [ el 3. !
R\ 130, U, vad
NURR (IR 0,838
NANID U 1320, |
hEIN TN 1440, 0. 544
«® 00 150, 0,818
a3, 000 18380, 0, 992
I, 000 1200, 0. 887
8,000 1920, T Py
24,000 2040, 0. %18
., QO 2180, D, 49%
38, 0 TV Q.47
A0, 00 200, W, 450
40 .M - LN LR Tl
44 . 00 SEALY, [\ TY I
45,000 AT\ 0. 388
43, 000 NEET O, 36Q
S0, 00 2000, 0. 4%
S2.00 Jta, G, 331
S, 00 X400, 0,312
e, Q0 I3, 0, o8¢
S&, 000 I, O, L80
S0, 000 XEOQ, Q.64
&, a0 ITIO. 0. 49
o4 . MO IV, 9, 03%
&8, 0 3RS0, Q.22
€%, 000 JO80, Q.0
T, 00 4200, 0. 19%
NIRRT 4320, Q.18
T4, 000 4440, 0.171
AL 4%5c0, Q.19
TR, 000 4830, 0. 149
S, 008 4300, 0. 139
82, 000 4E20, 0. 1232
24,000 40, 0. 121
|8, QG0 S1c. 0113
33, 000 a8, 0, 10%
Q. 0o 400, Q.0%7
32,000 S%20. 0. 2%
94, OQQ Sad0, 2,083
36,000 Te0, c.8??
38, 000 330, 0. 071
k1)




TABLE 22.

AVERAGE RESIDENCE TIME: HOURS
DEVIATION OF AVERRGE RESIDENCE TIME«HOURS'a 32

PROBABILITY OF TARGET PRESENCE, _ASE l1lA

. A

TIME HOURS: TIMECMIN FROB TARGET FRESENT
@.000 Q. 1.000
=, 000 300, 9. 948
10,000 €00, 0.89%
15,000 900, 9. 844

20.000 1308, 9.793
25,000 15080, 0. 741
39,000 1800, 9. 630
35. 009 2100, 9.639
49. 000 2400, 6. 589
45,000 2700, 0. 939
50. 900 3908, 3,499
55,000 3300, 0.443
0. 000 3600, 6.39?
£5.009 3900, a.3%2
TR.000 4290, 9.310
7%. 900 4508, 9. 270
0. A00 4500, L 233
35,000 s10Q. 2.198
90. 000 5400, 9.167
9%, 000 5700, .13
190,800 6009, 0.113
125, 900 §300, 9.091
110,009 5690, 9.073
115,008 6900, 0.957
120,200 7200, 9. 044
125,000 560, 0.833
36
—— 8 e e o S




TABLE 23. PROBABILITY OF TARGET PRESENCE, CASE 11B

AVEFAGE REIIDENCE TIME. WOURY . = S8
DEVIATICOH QF AVEFAGE FPESIDENCE TINME. HOURS Y A¢

TINE: WOQURS :  TINE MIk:  FPOR 'ARGET FREIENT

0. Q00 0. 1,000

s, 000 W00, 0, 260

10, 000 s00. 0L 920

15.000 200, 0, 88

20.000 1200, 0. 843

29,000 1500, 0. 806

20, 000 1300, 0, Tes

I 000 roe, 0,73

40, 000 2400, 0, €28

45,200 2T, 0,864

, S0, 000 000, 0.6
] S5, 000 3200, 0. 598
i &0, 000 660, 0, 567
S5, 000 %00, 0, 85

TO.0Q0 4200, Q. %e7

. TS.A0 500, CLATE
: 20, 200 4300, 0. 4%0
| 35,000 100, 00423
! 0. 000 400, 0, 3E8
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IV. GENERALIZED DATA FOR TARGET ANALYSIS

Figure 5 presents the generalized curve for the proba-
bility of a terget being present as a function of time from
detection. The probability is presented as a function of two
parameters, 7/¢ and t/Tt, where

T = average target dwell time
= standard deviation of the dwell time
t = time,

This curve Is applicable to all values of T and o and may be
used for those cases for which the tabular data in Section III
are inadequate. Examples illustrating its use are presented
in Section V. Coding for calculating these data on the TI-59
is presented in Appendix B.
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Figure 5. Generalized curve for estimating probability

target is still at observed location.
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V. SAMPLE CASES

Case 1

Compute the probability that a target is still at an
observed position 3 hours after the observation if the target
is assumed to have an average dwell time (7) of 4 hours with
a deviation (o) of 1.33 hours.

Solution: Table 12, p. 26 applicable.
Answer is P = 0.294.

Case 2

For the above case, what is the revised expected frac-
tional coverage with a 1-KT weapon with a CEP of 140 m, a
200-m target location error, and a 200-m target radius?

Solution: The damage radius is about 660 m with a
criterion of latent lethality. FM-101-31
estimates the static fractional coverage

to be 0.98. The revised expectea frac-
tional coverage is 0.95 x 0.294 = 0,29.

Case 3

For a target represented by a dwell time (1) of 6 hours
and a standard deviation (o) of 6 hours, what is the allowable

: esponse time for a desired probability of target presence of
0,307

Solution: Table 15, p. 29 is applicable.
By interpolation, T = 6.9 hours.

Case 4

What is the probability that a target is present after
3 hours if it is represented by the parameters T = 3.2 hours
and ¢ = 1.5?

40
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Solution: Generalized curve, p. 31.

T o 3.2

t _ 3.0 _

By interpolation, P = 0,22,

Case 5

For the values of 7 and ¢ assumed in Case 4, what is the
allowable response time if the desired expected coverage is

0.50?

Solution: From the generalized curve with:
— = 2.13, P = N.5
t =
T 0.54

t = (0.54)(3.2) = 1.73 hours.
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APPENDIX A. EQUATIONS FOR TARGET PERMANENCE

We begin by assuming that the probability of the target

leaving (i.e., beginning to move from) its original position
between t and t + dt is

ey & 2
Pl(t)dt - 1 e (t=-1)"/20 at

CoJ an

where t = 0 is the time at which the target originally settled
into the given position, r is the average time that the target

remains in place, o2 is the variance in the distribution,
and the normalization constant

is chosen such that

(- -]
fPl(t)dt =1
(o]

Sixty-eight percent of the targets will leave between T-¢ and

T+0. Ninety-five percent of the targets will leave between
T-20 and T+20.

We now assume that the target is detected at some arbitrary
time t = tl > 0 which is completely uncorrelated to the move-
ments of the target, and we wish to know the probability density

Pz(tz) of the time t2 between detection and the departure of
the target.

4 ‘ PSRN N Bux-wT FIum
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This turns out to be one of the main problems of a branch
of probability theory called renewal Lheory. The random

lifetime. Using the results of renewal theory (Ref. Al) it
can be shown that the probability that the target will leave

at a time t2 after it is detected is

l - Fl(tz)
Pz(t:z)clt:2 = m dt:2
where
2
Fl(tz) = Pl(t)dt
0
and
u = t Pl(t)dt
0

or, integrating by parts and using Fil=) =1,

o= (1 - F (t)]dt

4«

variable t, is called the residual waiting time or the excess

el | il o eor,




g0 that |

(1L - Pl(t)ldt

' P,(ty)dt, =

Using the original expression for Pl(t) we now have

a0
2 2
- 1 e—(t—r) /23 dt
COJG;
t2

Setting t-7 = C,/2x, this becomes

S o sl P ontm ik s raim

1 -X
1 - F,(t.) = e dx
1'72 qu
tz—T
o2
which gives (Ref. A2)
(t,-1)
1 2
1 - F,(t,) ===14{1 - erf -
1'72 2C l OJE ‘
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where erf(x) is the error function, so that the expression
for Pz(tz)dt2 becomes

(t2 - 1)
l - erf|—mm dt2

|_o/2 |
"1y - e:f[—f'—-‘l
l

Pz(tz)dtz =

lae
va |

This can be further simplified. Using the formulas (Ref. A3)

-a2x2
erf(ax)dx = x erf(ax) + S———
avr
and
1
(1 - erf(ax))dx = ——
avn
0
we obtain
rﬂ
e_azyz
[1 - erf (ax))dx = &—0— - y(1 - erf(ay))
avh
Y
U o try ch have
/| (t=1) ) [ ~v /2
1l - erf =0/S e
! ( [ o/2 ‘ J“
“u
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P

so that the final result for Pz(tz)dt2 is

(tz-r)]
l - erf [ de
2
P,lt,)dt, = oy2 ]
.2 2
g % " T /297 T [1 + erf(—1~>]
ava

The probability that the target will still be present at a
time ta after it was detected is now given by

£3
0
or, since ‘/Fl?z(t:z)ds:.2 =1,
0
h-]
P3(t3) = Pz(tz)dtz

t3

Using the expression for Pz(tz), we obtain after integrating

2 2
=-(t,=-1)%/20
%/% e 3 - (t3-r)ll - erf

2 2
-1%/20
%/g-e + T [1 + erf (—1:)]
0/2._

(t3-r)

ov2

)
\

Py(ty) =
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APPENDIX B. TI-59 CODE FOR
MOBILE TARGET CALCULATIONS

4 The equation for the probability of a target being present
' at an observed location as a function of time where it i{s not
known when the observation took place relative to the time the

target stopped is

E bee) i__%L; (t=-1) [1-.t‘(£7§)]
i E ]

Y SR [1+ert—$
where erf = error function

e 20
T = mean dwell time
g = gstandard deviation in dwell time.

,.%

BN |

The derivation of this equation is presented in Appendix A.
An approximation to the error function suitable for use in

the TI-S9 is

3 5 7
X X X
If [X] < 1.18: erf(X) = 2 (x "3 H)
n

L If |X| > 1.18: erf(X) = 1 - A %

"

With this approximation the maximum error in the error func-

i in the calculated probatlility of target presence is less than
1l percent for cases resulting in probabilities greater than 5

percent.

The following pages present TI-59 coding of the above
equations and directions for running the program.
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INSTRUCTIONS

The program uses standard partioning (479/59) and will

£it on two magnetic cards (four “"sides®).

program, the procedures are as follows:

Step Instruction
1 Set initial time
2 Set stop criteria**
3 Initialize
4 Enter average dwell time

Enter standard deviation

Enter time increment

~ O v

Begin run

Data“

0.
. 001

*Data for sample case illustrated.

After entering the

Keys

STO 5
STO 16
INV 2nd FIX
STO 3
STO 2
STO 1
A

**Program stops when the probability of a target being

nresent is less than this value.

The output from the printer is illustrated on the next page.

The quantities are:

ADP = average dwell time (input)

DEV = standard deviation of the dwell time (input)

TIME = time

PROB = probability of target being present at given time,

S0
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TIME
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TIMNE
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TIME
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TIME
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TINE
FROB

C.

RESULTS FOR SAMPLE CASE

Qo

o

Qo

00
L
o
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U.S. Army Comb Arms Combat Dev Acty
AYTN:  ATZL-CAD-LN

U.S. Army Comd & Gen Staff College
ATTN: ATSW-TA-D

U.S. Army Concepts Analysis Agency
ATTN: (CSSA-ADL

Commander-in-Chief
U.S. Army Europe and Seventh Army

ATTN: AEAGE
ATTN: AEAGC
U.S. Army FA Msl Sys Eval Gp
ATTN: ATSF-CD
ATTN: ATZR-MG

T U.S. Amy Intell & Sec Omd

ATTN: DCSOPS
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DEPARTHENT OF THE ARNY {Continued)

U.5. Army Materiel Sys Analysis Actvy
ATTN: DRXSY-S
ATTN: DRKSY-DS

U.S. Army Wuctear & Cremical Agency
ATTN: Lib

u.S. A TRADOC Sys Amalysis Actvy
ATIN: ATAA-TAC

U.S. Army Training and Doctrine Ond
ATTN: ATCO-CF
ATIN: ATOO-NCO
ATTN: ATCD-AD
ATIN:  ATCD-N
U.S. Ammy Mar College
ATTN: Lib

V Corps
Department of the Ammy
2 ¢y ATTN: G-)

Vil Corps
Department of the Army
2 cy ATTN: G-3

DEPARTMENT OF THE NAVY

Cruiser Destroyer Group One
ATTN: N321

Fleet Intelligence Ctr, Pacific
Department of the Navy
ATTN: FICPAC, Code 21

Fleet Intelligence Ctr, Eurcpe & Atlantic

Department of the Navy
ATTN: Code 222

Mavine Corps Dev & Ed Omd
Department of the Navy
ATTN: Cosmander

Naval Intelligence Cmd
ATTN: NIC-0)

Noval Intelligence Support Ctr
ATTN: NISC-30

Naval Postgraduate Sch
ATTN: Code 1424, Lib

Naval War College
ATTN: ode E-11, Tech Svc

Naval Weapons Center
ATTN: Code 32697

Naval Field Op Intel) Ofc
ATTN: Commanding Officer

Nuclear Mespons Tng Group, Pacific
Department of the Navy
ATIN: Code 32

Nuclear Weapons Tng Group, Atlantic
Department of the Navy
ATTN: Code 222
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DEPARTMENT OF THE MAVY (Continyed)
Office of the Chic? of Naval Ops
ATIN: 0P-00K

Commander-in-Chief

U.S5. Atlantic Fleet

Department of the Navy
ATIN:  Code N-2
ATTN: Code N-)

Commander-ia-Chief
U.S. Naval Forces, turope
ATTN: NS4, Nuc Marfare Off

DEPARTMENT OF TWE AIR FORCE

Air University Library
Department of the Air Force
ATIN:  AUL/LSE

Assistant Chief of Staff

Intelligence
Department of the Air Force
ATTN: INA

Assistant Chief of Staff
Studies & Analyses
Department of the Air Force
ATIN: AF/SAG, H. Iwemear
ATTN: AF/SASB, R. Mathis
ATIN: AF/SASF
TTN:  AF/SASN
ATIN: AF/SAM]
ATTN:  AF/SASM, M. Adams

Headquarters Space Div
Air Force Systems Command
ATIN:  YKD

Commander-in-Chief

U.S. Air Forces in Europe
ATTN: USAFE/INA

Commander-in-Chief

U.S. Air Forces in Europe
ATTN: USAFE/XPX

OTHER SOVERNMENT AGENCY

Cantral Intelligence Agency

ATTN: OSWR/NED
DEPARTMENT OF ENERGY ZONTRACTORS
Sandia Labs

Livermore Lab
ATTN: L. Hostetler
ATTN: A. Kernstein

ATIN: T, Gold
DEPARTMENY OF DEFENSE CONTRACTORS
BDM Corp

ATTN: J. Draddock
ATTN: F. Conant

Boeing Co
ATTN: J. Russel
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OEPARTMENT OF DEFENSE CONTRACTORS (Cont inued)
66th NI Growp

4 ¢y ATTN: 0. Welch

Generdl Research Corp
ATIN: Tac Marfare Ops

Msoﬂdmtttvt‘. Inc

TN: C. Gray
ATTN: H. Kahn

IhT co:'T’TN J 1
H . Hengle
ATTN: M, Macklin

JAYCOR
ATTN: R, Sullivan

haman Sciences Corp
ATIN: F. Shelton

Xaman Sciences Corp
ATTN: €. Davgs

Kaman TempG
ATTN: DASIAC

Martin Marietta Corp
ATTN: F. Marion

Martin Marietta Corp
ATIN: J. Domathan

Pacific-Sierra Research Corp
ATIN: H. Brode
ATTR: G, lang

R & D Associates
ATTN: P, Haas
2 cy ATIN: J. Hurley
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DEPARTMENT OF DEFENSE CONTRACTORS (Continued

Rand Corp
ATIN: V. Jackson

Santa Fe Corp
ATIN: D. Paolucct

Science Applications, inc
ATIN: C. Whittenbury/M. Yengst
ATTN: M. Drake
ATTN: J. Martin

Science Applications, linc
ATTN: R. Craver
ATIN: W, Layson
ATTN: J. Shannon

SRl Interrational
ATTN: J. Scholz
ATIN: J. Sloss

System Planning Corp
ATIN: J. Douglas

Systems, Science & software, Inc
ATTN: K. Pyatt

Tetra Tech, Inc
ATTN: F. Bothwell

TRM Defense & Space Sys Group
ATTN: N. Lipner
ATTN: D. Scally
ATTN: R. Burnett

TRW Defense & Space Sys Group
ATIN: P. Dat
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